We have examined the differences in clinical outcome of total knee replacement (TKR) with and without patellar resurfacing in a prospective, randomised study of 181 osteoarthritic knees in 142 patients using the Profix total knee system which has a femoral component with features considered to be anatomical and a domed patellar implant.
While total knee replacement (TKR) is commonly carried out for end-stage degenerative arthritis of the knee, orthopaedic surgeons are still seeking clarification as to the indications for patellar resurfacing during this procedure. [1] [2] [3] [4] Recent meta-analyses have been unable to relate the design of the arthroplasty to patellofemoral outcome. 1, 5, 6 The design features of the femoral component may be an important consideration regarding the outcome after TKR when the patella has not been resurfaced. 4, 7, 8 From the results of in vitro studies it appears that there may be optimal design factors for the femoral component, such as a deep-set, contoured femoral trochlea extending sufficiently proximally and posteriorly to maintain contact with the patella. 9, 10 However, in vitro studies after TKR do not exactly replicate the forces occurring at the joint in vivo , and cannot account for timedependent biological changes. Therefore, welldesigned clinical trials are necessary to confirm the clinical benefit of a more anatomicallydesigned patellofemoral joint in TKR.
We have examined the differences in the clinical outcome between TKR with and without patellar resurfacing using the Profix Total Knee System (Smith & Nephew Richards Inc., Memphis, Tennessee), which has a femoral component designed for compatibility with the native patella. It was thought that TKR with and without patellar resurfacing would result in comparable outcomes at a minimum followup of three years, given the anatomical design of the femoral component. The primary outcome compared was the difference in the knee pain score before and after surgery. Secondary outcomes were the incidence and severity of anterior knee pain after operation, the rate of re-operation, the Knee Society clinical rating system, 11 the functional ability related to the patellofemoral joint and patient satisfaction.
Patients and Methods
Between February 1998 and November 2002, all patients with osteoarthritis (OA) undergoing primary TKR at two university-affiliated teaching hospitals were evaluated for inclusion in the study, which was approved by both the university and hospital ethics committees. Patients with inflammatory arthritis, a history of patellar fracture, patellectomy, patellofemoral instability or prior unicondylar knee replacement were excluded. A total of 164 patients with 181 TKRs were recruited and provided informed consent. The two treatment groups were similar with respect to clinical details and pre-operative clinical status (Table I) .
The patients were randomised to undergo Profix TKR either with (87 knees) or without (94 knees) patellar resurfacing by the use of computer-generated random numbers. Those undergoing bilateral procedures were randomised to either right with and left without, or left with and right without patellar resurfacing. In no patient did both knees receive the same patellar treatment. The randomisation envelope was opened in the operating theatre. Operative technique. Surgery was performed by one of three experienced surgeons (including DJW) or their trainees under supervision. All the components were cemented. A midline skin incision and a medial parapatellar, midvastus or lateral approach was used, with preservation of the infrapatellar fat pad. In the case of patellar retention a patelloplasty was performed, which involved only resection of marginal, protuberant osteophytes and loose flaps of cartilage. Patellar resurfacing was undertaken using a cemented, inset Profix-domed component. The height of the patella was measured before and after operation, and in no case differed by more than 2 mm. Optimal patellar tracking was ensured by appropriate soft-tissue balancing, and a lateral release was performed at least 2.5 cm lateral to the lateral patellar border if the patella subluxed during passive testing of the range of movement. The TKRs with and without patellar resurfacing were comparable in terms of the operative variables of the surgical approach, the surgeon and lateral release at operation (Table I) . Clinical evaluation. Clinical evaluation was carried out before and after operation by one of two therapists (including AJS) who were blinded to the patient's randomisation. Evaluations were performed before and at 12 months after surgery, and then annually thereafter. The Knee Society clinical rating system, 11 the knee pain scale 12 and a knee diagram were used at each clinical assessment. The knee pain scale is a validated instrument for assessing both the severity and frequency of knee pain in OA. It consists of a five-point pain frequency subscale and a six-point pain intensity subscale applied to three transfer and three ambulation activities. The knee pain scale was chosen since it is potentially the most sensitive of available validated methods for evaluating any differences in the degree of anterior knee pain between the two groups. After operation, functional observations were made of the patients as they ascended and descended five steps of standard height and rose from a chair at knee height. Patient satisfaction was assessed by a validated satisfaction score described previously by Lingard et al, 13 which included four questions related to relief from pain, functional ability and overall satisfaction.
A blinded, independent observer (MGL) measured the tilt, lateral displacement and thickness of the patella from skyline radiographs taken at 30˚ of knee flexion, at the most recent follow-up, according to the method described by Gomes, Bechtold and Gustilo.
14 Statistical analysis. This was performed using the SPSS version 12.0.1 statistical package (SPSS Inc., Chicago, Illinois). Categorical data were compared using the chi-squared test. Non-parametric statistics were used for analysis of continuous variables when data did not meet the assumptions of parametric tests. An independent Student t -test or the Mann-Whitney U test was used to analyse score differences between the two groups. Data from subjects with bilateral TKR were analysed using the Wilcoxon signed-rank test. Logistic regression analysis was used to assess associations between potential explanatory variables and the categorical, independent variable post-operative anterior knee pain. Residual analysis was performed and confirmed the validity of these models. For the main outcomes after operation the significance level was set at p ≤ 0.05.
Power analysis determined that a sample size of 180 gave a power of 92% to detect a ten-point difference in the mean change in the knee pain score between groups, which represented one half of an SD in change scores obtained from a pilot study of TKR patients. Since the study was one of equivalence, a confidence interval (CI) for the change score which fell within a point range of -10 to +10 was statistically significant evidence for equivalence.
Results
Clinical follow-up of three or more years was available in 159 knees (142 patients), 73 with patellar resurfacing and 86 without. The mean follow-up period was 4.37 years (3 to 7.03) and the mean length of follow-up was comparable for those knees with and without patellar resurfacing at 4.35 (3.0 to 7.03) and 4.37 (3.0 to 7.02) years, respectively. Seven patients, four with and three without resurfacing, withdrew from the study before the three-year follow-up because of ill health in four, moving away in two and problems with transport in one. Ten patients died before three years after operation for reasons unrelated to the surgery, seven with and three without patellar resurfacing. Two were lost to follow-up, one with and one without patellar resurfacing, before three years. These cases were excluded from the clinical follow-up analysis as were three knees revised for infection. Revisions and re-operations. There were no revisions related to the patellofemoral joint in either group. In the group without patellar resurfacing, one arthroscopy was performed 30 months after operation for removal of a patellofemoral nodule. One arthroscopy was performed in a knee with patellar resurfacing six months after operation for investigation of a locked knee. No loose bodies or cement was found, but some adhesions were released, resulting in an improved range of movement.
The three infected TKRs underwent two-stage revision, two with patellar resurfacing at 34 and 40 months and one without at 26 months, respectively, after surgery.
In the group with patellar resurfacing, an arthrotomy was performed at five weeks and an arthroscopic washout at six weeks after operation, both for infection. These reoperations for infection were not the same as those carried out for infection described previously. There were three reoperations unrelated to the patellofemoral joint in the group without patellar resurfacing. These were an exchange to a conforming plus tibial insert at seven months because of instability, removal of a posterior ganglion at 15 months, and an arthroscopic washout and exchange of the tibial insert performed for infection at four months after operation. Knee pain scale. Both treatment groups showed highly significant improvements in the score in the knee pain scale (paired samples t -test, p < 0.001 in both). The postoperative scores were highly skewed, with the median score (interquartile range (IQR)) being 100.0 points (37.0) for TKR with resurfacing and 100.0 points (23.6) for TKR without patellar resurfacing. Those with patellar resurfacing improved by a mean of 47.7 points (-7.4 to 92.6) and those without patellar resurfacing by a mean of 48.7 points (-3.7 to 87.0). The difference in the mean change score of 1.0 point between TKR with and without patellar resurfacing was not statistically significant (independent t -test, p = 0.797, 95% CI -6.6 to 8.5) (Table II) . Anterior knee pain. At the latest follow-up, 22 of 73 knees (30.1%; 95% CI 19.6 to 40.7) with patellar resurfacing and 18 of 86 (20.9%; 95% CI 12.3 to 29.5) without resurfacing had any degree of anterior knee pain identified from the knee diagram and knee pain scale and a score of 45 or less on the Knee Society knee score pain subscale. The difference in proportions was not significant (-9.2%; chisquared test, p = 0.182, 95% CI -22.8 to +4.4). This corresponded to an OR of 0.61 (logistic regression, p = 0.184, 95% CI 0.30 to 1.26) for anterior knee pain in TKR without resurfacing as compared with TKR with patellar resurfacing.
Ten of 73 (13.7%) knees with patellar resurfacing and five of 86 (5.8%) without had moderate to severe anterior knee pain identified from the knee diagram and knee pain scale and a score of 20 or less on the Knee Society score pain subscale, which was not a statistically significant difference (-7.9%, chi-squared test, p = 0.090; 95% CI -17.2 to 1.4). For those TKRs which were painful anteriorly, the mean knee pain scale score was 56.9 (29.6 to 94.4, n = 22) and 61.5 (22.2 to 94.4, n = 18) for those with and without patellar resurfacing, respectively. This difference was not statistically significant (4.6; independent t -test, p = 0.440, 95% CI 7.4 to 16.6). Similarly, the mean Knee Society score pain subscale scores were not significantly different for those with and without patellar resurfacing which were painful anteriorly, 28.2 (10 to 45, n = 22) and 35.6 (10 to 45, n = 18) respectively; independent t -test, p = 0.125, 95% CI for difference -2.1 to 16.9).
Anterior knee pain was reported in five of the 16 patients who had undergone bilateral TKR with patellar resurfacing in one knee. Four of these had pain of the same intensity according to the Knee Society score pain subscale in both the TKR with and without patellar resurfacing. One patient reported mild anterior knee pain in the TKR without patellar resurfacing only. When those patients who had undergone bilateral TKR with patellar resurfacing in one knee only were analysed, no statistical differences were detected in the post-operative knee pain scale scores (Wilcoxon signed-rank test, p = 0.249; Table III) . Predictors of anterior knee pain. To identify predictive factors for post-operative anterior knee pain in each group, TKRs with and without patellar resurfacing were considered separately using a stepwise logistic regression model (backward likelihood ratio method 15 ) after controlling for age and gender. Variables considered for inclusion were weight, height, the body mass index (BMI), lateral patellar release, flexion contracture and the presence of pre-operative anterior knee pain. In the case of TKR with patellar resurfacing, the presence of a flexion contracture was retained in the model after controlling for age and gender (logistic regression analysis, p = 0.006, OR 9.73, 95% CI 1.93 to 48.99). None of the considered variables was predictive of post-operative anterior knee pain in the case of TKR without patellar resurfacing. Knee Society clinical rating system. Both TKRs with and without patellar resurfacing showed highly significant improvement in the Knee Society scores (paired samples t -test, p < 0.001 in both groups). Post-operative scores were highly skewed with the median score (IQR) being 92.0 (12.0) points for TKR with patellar resurfacing and 93.0 Table II) . Additionally, there was no statistically significant difference between TKR with and without patellar resurfacing postoperatively in terms of the subscores of the Knee Society score (Mann-Whitney U test, p = 0.098 to 0.999). The 16 patients who had undergone bilateral TKR with patellar resurfacing in one knee only did not show a difference in the mean score between knees (Wilcoxon signed-rank test, p = 0.160) (Table III) .
Both treatment groups had a highly significant improvement in Knee Society function scores (paired samples t -test, p < 0.001 in both groups). After surgery the median score (IQR) was 60.0 points (Table II) . Functional ability. With the numbers available, no statistically significant differences were observed between TKR with and without patellar resurfacing with regard to the performance on functional tasks (Table IV) .
Satisfaction. Most patients obtained the maximum of 100 for the satisfaction score. A total of 19 of 71 (26.8%; data missing for two knees) TKRs with patellar resurfacing and 15 of 86 (17.4%) TKRs without patellar resurfacing, had a satisfaction score less than 100. This did not represent a significant difference in proportions (chi-squared test, p = 0.158). Of those knees with which patients were less than fully satisfied, the mean satisfaction score was 50.3 (8.0 to 92.0) in the group with and 62.9 (8.0 to 92.0) in the group without patellar resurfacing. The mean difference of 7.9 was not significantly different (independent t -test, p = 0.118, 95% CI -3.4 to +28.6). The 16 patients who had undergone bilateral TKR with patellar resurfacing in one knee only did not show greater satisfaction with one knee over the other (Wilcoxon signed-rank test, p = 0.655) (Table III) . Radiological findings. In 65 of 73 (89.0%) patients with patellar resurfacing and in 78 of 86 (90.7%) of those without radiographs were available for analysis from the latest clinical follow-up. The mean patellar thickness 25.9 mm (95% CI 25.0 to 26.8) in those with and 24.3 mm (95% CI 23.5 to 25.0) in those without patellar resurfacing. The mean difference of 1.6 mm was statistically significant (independent ttest, p = 0.007, 95% CI 0.5 to 2.8). The mean patellar tilt was also significantly greater in those knees with patellar resurfacing (3.6˚, 95% CI 2.7 to 4.4), than in those without (2.5˚, 95% CI 1.8 to 3.1) with a mean difference of 1.1( independent t -test, p = 0.042, 95% CI 1.01 to 2.2). However, no association between patellar thickness or patellar tilt and post-operative anterior knee pain was detected in knees with and without patellar resurfacing. Although knees without patellar resurfacing displayed higher mean lateral displacement (3.9 mm, 95% CI 3.4 to 4.4) than those without (3.1 mm, 95% CI 2.4 to 3.7) the difference of 0.8 mm was not statistically significant (independent t-test, p = 0.056, 95% CI of difference 0.0 to 1.6). However, in knees with patellar resurfacing, lateral displacement of more than 5 mm was significantly associated with post-operative anterior knee pain (logistic regression, p = 0.037, OR 4.20, 95% CI 1.09 to 16.19) whereas in those knees without patellar resurfacing, no statistically significant association was detected (logistic regression, p = 0.397, OR 1.64, 95% CI 0.52 to 5.18).
Discussion
In this prospective, randomised study, analysis of the primary outcome measure of the knee pain scale showed no difference between TKR with and without patellar resurfacing in the Profix design. The 95% CI for the difference in change of the knee pain scale score between TKR with and without patellar resurfacing was -6.6 to +8.5 points, which was within the interval of -10 to +10 points which we considered to be clinically reasonable to assume equivalence.
The OR was 0.61 (95% CI 0.30 to 1.26) for anterior knee pain in TKR without patellar resurfacing compared with that with resurfacing. Therefore, we cannot conclude that the risk of anterior knee pain is no greater without patellar resurfacing than with patellar resurfacing using the current design. However, the results are in contrast to a previous prospective, randomised study using the MillerGalante II design (Zimmer, Warsaw, Indiana), performed with the same length of follow-up. 16 In that study, the incidence and severity of anterior knee pain were significantly greater in those TKRs without patellar resurfacing (39 of 127, 30.7%) than in those with patellar resurfacing (15 of 91, 16.5%), which corresponds to an OR of 2.24 (95% CI 1.15 to 4.39). The current study had 72% power to detect an effect of this magnitude.
These contrasting results may be a result of differences in design between the two femoral components used. The femoral components of the Miller-Galante II and the Profix Total Knee System are of asymmetrical design with a proximally and anteriorly elevated lateral flange. However, the Miller-Galante II component has flat-shaped condyles, and consequently an angular trochlear groove, whereas the trochlear groove of the Profix blends more smoothly with its round-shaped condyles. Recent meta-analyses have concluded that patellar resurfacing is a superior technique in terms of the incidence of anterior knee pain. 2, 5, 6, 17 However, these reviews were unable to address the hypothesis that different effect sizes may be the result of differences in prosthetic design, because of lack of detailed information on individual patients. 2, 5, 6 It must be emphasised that our study evaluates shortterm results only, and that it is possible that the results of TKR without patellar resurfacing will deteriorate with time. The primary aim of our study, however, was to evaluate the early results using a prosthesis with a femoral component designed to be compatible with the native patella, and to compare these with the early results of a previous trial using a femoral component not providing an optimal surface for the native patella, performed at the same centre, with the same follow-up time. As such, our study adds weight to the argument that design influences the outcome of the patellofemoral joint after TKR.
The patellar component used with the Miller-Galante II system is an onset, 'hat-shaped' design with a raised central portion and a peripheral flat area. It articulates with the 'box-shaped' femoral trochlea. The patellar component used with the Profix system is an inset, dome-shaped design. The relative superiority of an oval dome design versus an anatomical design remains unclear. 4 The relatively high rates of anterior knee pain in TKR with patellar resurfacing in the current study are similar to those reported in a recent longer term follow-up of a prospective, randomised trial of patellar resurfacing versus non-resurfacing using a similar anatomical femoral component with a domed patellar prosthesis. 18 Laboratory-based studies have suggested that a domed patellar component articulating with an anatomical femoral component may be subjected to greater stresses in vivo than more conforming designs. [19] [20] [21] [22] [23] However, since our study does not involve a direct comparison between designs of component, the evidence for poorer in vivo performance of the domed design remains inconclusive.
Flexion contracture was a risk factor for anterior knee pain in TKR with patellar resurfacing in our study (p = 0.006). Patellofemoral pain may ensue because of increased joint contact stress secondary to the increased joint reaction force. However, knee flexion contracture has not been identified as a factor associated with anterior knee pain in recently reported, randomised studies. 16, 24, 25 There is the possibility with the use of a medialised, inset patellar component, that the lateral patellar facet may be left uncovered, resulting in its contact with the lateral flange of the femoral component, possibly leading to anterior knee pain. Since the position of the patellar component on the patellar surface was not measured in our study, this possible mechanism of anterior knee pain in TKR with patellar resurfacing cannot be verified. We noted that lateral patellar displacement was significantly associated with anterior knee pain in those TKRs with patellar resurfacing, despite this group having less lateral patellar displacement than those without patellar resurfacing. This raises the possibility that excessive lateral contact of the patella may be a factor in anterior knee pain in TKR with patellar resurfacing. However, two limitations of our study were the low power available to detect any association between patellar position and post-operative anterior knee pain and the fact that the position of the patellar component on the patella was not measured. It may be that the latter is important to the clinical outcome in TKR with a domed patellar component, despite the fact that, in theory, a domed component should be less susceptible to malposition because of its spherical shape.
Altered kinematics in the resurfaced patellofemoral joint may play a role in the genesis of anterior knee pain. A six-camera computerised gait analysis of a subset of the patients in our study revealed a trend toward decreased knee extension at heel-strike 0in those knees with patellar resurfacing (10˚ vs 7˚, p = 0.023). 26 Furthermore, in vivo fluoroscopic studies have shown that TKR with domeshaped patellae have more superior contact points on the patella and a greater patellar tilt angle in the superiorinferior direction than that with native or mobile-bearing patellae. 27, 28 It may be that the domed patellar design is more susceptible to the effect of a flexion contracture and lateral patellar displacement than the non-resurfaced patella, perhaps because of increased patellofemoral contact stress or shear stress. It has also been hypothesised that increased patellofemoral contact stress in resurfaced TKR may be a consequence of the material properties of a metal/polyethylene interface, which may result in a decreased ability for expansion under load of both surfaces, and thus decreased potential for pressure dissipation. 29 The statistical analysis for our study was carried out on the number of knees rather than number of patients. This is a potential problem because of a violation of the assumption of independence of observations, and may result in an underestimation of the standard error of the mean. However, in our study, there were no patients with bilateral TKR who contributed both knees to either treatment group. Furthermore, the results were checked by selecting only the knee with the highest level of pain for analysis. The results did not differ substantially or alter the conclusions of the study in terms of the difference in knee pain scale score change (4.0, p = 0.711, 95% CI -6.5 to 9.5), or the risk of anterior knee pain for TKR without patellar resurfacing (OR 0.51, p = 0.092, 95% CI 0.24 to 1.12).
The results of our study indicate no superiority of patellar resurfacing over patelloplasty in a TKR system with an anatomical femoral component and a domed patellar component. They contrast strongly with those of our previous study, suggesting that the design of both the femoral and patellar components may be an important consideration in the decision as to whether or not to resurface the patella.
